ABSTRACT In this study we show that T cells from mice infected with Listeria monocytogenes can interact in vitro with normal macrophages to pqoduce a number of soluble mediators, including loymphos imulayinolecules. One of these molecules was a 15,000 dalton protein mitogenic for thymocytes. Generation of mitogenic activity was essentially completed by the first 24 hr of culture and did not require the addition of Listeria antigens. Production of mitogenic protein required contact between the lymphocytes and macrophages, because it did not occur when the two cells were separated by a cell-impermeable membrane. Optimal production of mitogenic protein occurred only when-the lymphocytes and macrophages shared homologous I-A regions of the major histocompatibility complex. Once generated, the; mitogenic protein did not display histocompatibijity. restriction and could stimulate allogeneic as well as syngenelc thymocytes. Strains of mice with the C57 background responded oorly to mitogenic protein even though those strains were capable of producing it. We conclude that an early stage in T ce immunity to Listenia Iivolves an intimate association with macropliages regulated by the H-2 complex. It is becoming a*rent that most, if not all, of the responses of thymus-derive lymphocytes (T cells) require interaction with antigens that are, or have become associated with, cell surface components, more specifically, with products of the major histocompatibility complex (MHG) (1). Murine cytotoxic T cells readily recognize viral antigens (2-4), tumor-associated antigens (5-7), or chemically modified cell surface proteins (8), all of which appear to be associated with H-2K or H-2D products. There is also good evidence that recognition of soluble protein antigens by T cells, reflected by T cell proliferation, requires the involvement of nrtcrophages as antigen-presenting cells. In this case, the macrophages must bear critical I-region gene products for the T cell to respond (9, 10). Similar restrictions in T cell function have been shown in T-B cell collaboration (11) and in delayed sensitivity reactions (12). The implication from these observations is that-the surface molecules coded by the MHC gene complex represent key regulatory elements involved in the interaction between the T cell and the cell-bound antigen. The manner by which the MHC gene products regulate the interaction is not clear.
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The purpose of this paper is to report studies on T cellmacrophage interaction controlled by the MHC number of biologically active molecules, particularly of a mitogenic protein (13) . In culture, neither the immune T cells nor T cells from normal mice produced any mitogen. The macrophages, in contrast, produced a small amount under basal conditions; this amount increased after phagocytosis of particulate materials (13) . The addition of the immune T cells to normal macrophages resulted in at least 10-to 50-fold higher production of mitogenic protein, while the addition of T cells from normal mice had no effect. The cell or cells responsible for the production of the mitogen-whether the macrophage or the T cell or both-in the immune T cell-macrophage cultures has not been identified.
We culture fluids was assayed on thymocytes. The culture fluids were first dialyzed extensively against regular mediurh in order to remove low-molecular-weight inhibitors (14) and then tested for their effects on thymocyte DNA synthesis. One-rmilliliter cultures of thymocytes were incubated 3 days at a density of were added to a discontinuous monolayer of macrophages from uninfected mice. A significant amount of mitogen was already formed by 12 hr of culture and reached maximal levels by 24-36 hr. In other experiments, mitogen production was already obvious by 4 hr of culture. Note that the production of mitogenic protein was about 20-fold higher than that produced by cultures of macrophages alone. It should be pointed out that the increased production of mitogenic activity in cultures of Other immunological mediators have been consistently found in the T cell-macrophage mixtures. The mitogenic protein described above is about 15,)00 daltons and represents the lymphocyte-activating factor described previously- (15) (16) (17) . Also found is a 40,000-dalton protein that-promotes T cell maturation (18) and an ill-defined principle' hat increases B cell differentiation to antibody-secreting cells (17) . Morphological examination of macrophages 24 hr after addition of immune T cells disclosed clear changes consistent with cellular activation: increased degree of spreading and ruffling and increased number df pinocytic vesicles. Precise biochemical studies of these macrophages are needed.
Need for Cell Contact for the Generation of Mitogenic Protein. We questioned whether the secretion of mitogenic protein involved contact between the two cell types or could result from stimulation of the one cell type by a soluble mediator released by the other. To examine this point, we cultured the macrophages and Listeria-immune T cells in two-compartment chambers formed by the insertion of a polyearbonate membrane with 0.2 jAm diameter pores (Nucleopore Corp., Pleasanton, CA) into Sykes-Moore culture chambers (Bellco, Vineland, NJ). Each cell type was separated from the other or the two were mixed together and placed in the top or bottom compartments. After 24 hr of culture, the fluids from both compartments were pooled and assayed for mitogenic activity. Two experiments produced identical results; one experiment is illustrated in Fig. 2 . By themselves, the T cells did not gen- that the stimulatory activity generated by cultures of T cells and macrophages was not restricted in its mitogenic action to the thymocytes of the same strain (Table 3) . It became clear, however, that the C57BL/6 thymocytes responded poorly to the mitogenic protein from culture fluids of any strain of T cell-macrophage cultures, including C57BL/6 cell cultures. For example, in the three experiments shown in Table 3 , the C57BL/6 thymocytes responded poorly to mitogen derived from mixtures of T cells and macrophages from A, BALB/c, or C57BL/6 mice. Furthermore, the mitogen generated from T cell-macrophage mixtures involving the C57BL/6 strain was highly active on thymocytes from allogeneic strains. We wondered whether the poor proliferative response of the C57BL/6 thymocytes was peculiar to the H-2b haplotype or was governed by genes located outside the H-2 complex. The experiment of Fig. 3 tested a culture fluid from C57BL/6 T cell-macrophage cultures for mitogenic activity on thymocytes from a number of mouse strains. We examined the proliferative responses of thymocytes from mice possessing the H-2b haplotype on a different genetic background (C3H.SW) and on thymocytes of B10.D2 mice possessing the H-2d haplotype on a C57BL/10 background. The data indicated that the inability of the thymocytes from C57BL/6 or B10.D2 mice to respond to mitogenic protein was not directly related to their H-2 haplotype but was governed by genes outside the MHC. The response of F1 thymocytes from a cross between responding strain A and nonresponding strain C57BL/6 was intermediate and was consistent with the pattern of response expected if the phenotypic expression of that trait is under codominant control.
DISCUSSION
Immunity to facultative intracellular bacteria such as Listeria monocytogenes involves the participation of T lymphocytes (19, 20) and macrophages (21) . In general, it is believed that the activated T cells are generated early after bacterial infection in ways not yet clear and that, perhaps by way of immunological mediators, the T cells stimulate the phagocytes to respond as effector cells. The activated phagocytes form the infective granuloma that restricts bacterial spread. The early events taking place between the bacteria, T cells, and phagocytes that lead to the generation of immune activated cells have not been determined, in great part reflecting the complexity of studying a complex viable antigen such as an intracellular facultative bacterium. By reproducing part of the T cell-phagocyte interaction in vitro, our studies offer a clue on how part of the process may operate.
The interaction of T cells immunized to Listeria monocytogenes with macrophages resulted in the abundant secretion of various powerful, biologically active molecules, including the mitogenic protein studied in this report, and in the morphological stimulation of the macrophages. The process leading to secretion of the mitogen was of short duration; secretion had started by 4 hr of culture, and by 24 hr the process was essentially completed. Close contact between the two interacting cell types was required; to date, we have not found evidence for a soluble mediator involved in the regulation of the process. The generation of mitogenic activity was not dependent on the addition of exogenous antigen to the cultures in the form of heat-killed Listeria vaccine. Optimal production of the mitogenic protein required H-2 homology between the macrophage and T cell.
The cellular interactions described in this report exhibited a number of noteworthy characteristics that deserve comment. The secretion of mitogenic protein occurred under conditions where Listeria was not added to the culture, although the addition of the bacteria clearly increased its production. This increased production after Listeria challenge was also regulated by the H-2 complex (data not shown). The source of the antigen in the interaction when Listeria vaccine was not added to the cultures is not clear. The immunogenic stimulus for the T cell-macrophage interaction may be carried within the activated T cell population, perhaps in the form of an active antigen fragment carried by the T cells themselves or by the very few macrophages found as contaminants within the T cell population. Association of foreign alloantigens with the immune T cell surface has been reported (22 (1977) identify listerial antigens associated with immune T cells using anti-Listeria antibodies have failed. Alternatively, bovine proteins in the Listerla culture broth may be bound by the Listeria organisms, so that infection with Listeria also generates T cells reactive to bovine proteins. In that case, the fetal calf serum in the culture medium may act as an immunogen. Regardless of the immediate source and nature of the immunogenic stimulus, its presentation requires the I-A homology between the T cell and the macrophage. The poor secretory response observed when T cells did not share the I-A locus with the macrophages was probably not due to suppression generated as a result of the allogeneic interaction. Combinations of Listeria-immune T cells of one strain with macrophages from the same strain or with macrophages from an F1 hybrid mouse resulted in production of comparable amounts of mitogenic activity. Thus, the interaction with a complex antigen such as bacteria involves the same kinds of MHC regulation and restrictions as have been found for protein antigens.
Zinkernagel et al. have recently found that transfer of antiListeria immunity by T cells requires I-A homology between the immune T cells and the recipient (23). The phenomenon described by these workers and the one shown here are probably the same. The in vitro demonstration of the restriction enables one to place the restriction at the level of the T cellmacrophage interaction and not at the level of the effector molecules. 
